The method of decay Poiseuille flow was applied to study rheological properties of the nematic mixture (ZhK 440) 
Introduction
Liquid crystals (LC) are referred as partly ordered media, with translation and (or) orientational long range order intermediate between that for isotropic liquids and classical crystals. The simplest class of such media, namely nematic liquid crystals (NLC) differ from isotropic liquids only by a long range orientational order described in terms of a unit vector -a director n, and a scalar order parameter S. While the director n coincides with an overall orientation of the long molecular axes, the order parameter S is characterized by the mean degree of declination of individual molecular axes from the director n. The value of the parameter S changes from 0 in isotropic (I) phase to 1 in perfectly oriented nematic (N) phase with a step-like change at the temperature T c of N-I phase transition . It is of importance that at description of some phenomena like light scattering in an isotropic phase one has to consider the tensor order parameter Q, which incorporates both the mean direction and the degree of the orientational order [1] . The same is also true at description of some composite LC systems with strong confinement [2] .
Though there is no the long range order in the positions of centers of molecular masses, their translation motion described in terms of a velocity field v (r,t) is coupled with a director field n (r,t). It results in a number of new hydrodynamic effects, like flow induced orientation of LC, dependence of the effective shear viscosity on the flow rate (non Newtonian behavior), arising of specific hydrodynamic instabilities and a backflow under fast turning on (off) of electric fields [3] . The latter effect is of a practical importance as it can be responsible for the essential changes in operating times of liquid crystal devices.
The theoretical description of the mentioned above phenomena is based on hydrodynamic theory of Leslie-Ericksen which includes six dissipative parameters (the Leslie's coefficients α i ), connected by one equation. Different combinations of these parameters define three principal coefficients of the shear viscosities (the Miesowicz viscosities η i ) corresponding to the three different orientations of a director relatively to the directions of a flow velocity v and a velocity gradient v (n  v, n || v -η 1 ; n ||v, n v -η 2 ; n  v, n v -η 3 ).
The classical method of experimental determination of the Miesowicz viscosities is based on usage of strong magnetic fields, which stabilize the orientation of NLC, flowing through the flat capillaries [4] . In this case liquid crystals behave like anisotropic Newtonian liquid with the shear viscosity, dependant on the orientation of LC.
Contrary to the case of isotropic liquids, the rheological behavior of NLC in Poiseuille flows through the capillaries with a circular cross section is essentially more complicated, than for flows through the flat capillaries. Nevertheless, the pioneering experiments of such type [5] provided the first experimental conformation of the Leslie-Ericksen theory. In particular, the existence of the universal dependence of the effective shear viscosity on the diameter and the instant flow rate Q = dV/dt (V -the pumped volume) was confirmed by experiments with a flow of NLC through the capillaries of different diameters at the normal surface orientation of a liquid crystal. It is worthwhile to notice, that detailed theoretical description of the mentioned above flows is possible only by numerical solving of non linear hydrodynamic equations of NLC [6] .
In this paper we present the results of experimental investigations of a Poiseuille flow through the porous polymer film, which can be considered as a number of cylindrical pores of sub micron diameters. In this case different types of orientational configurations inside the pores can result in different values of the effective shear viscosity. The effects of weak surface anchoring and influence of strong confinement on dissipative parameters of NLC are also may be important. In particular, the condition of strong surface anchoring , valid for glass capillaries of large enough diameters (of order 100 μm) definitely fails for the pores of sub micron diameters. It has to be taken into account at analysis of the results of rheological investigations.
The method of the decay Poiseuille flow, elaborated previously for viscosity measurements of NLC stabilized by surfaces in flat capillaries [7] , was successfully used in the present work.
Decay flow for shear viscosity measurements
In the simplest case a decay shear flow arises in the channel of the length L under the action of a hydrostatic pressure gradient, which is via the difference of levels H in the open tubes of diameter D connected the channel (Fig. 1 ).
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The flow is produced by the instant pressure difference (P) slowly decreasing with time:
where ρ -a density of a liquid, g -a free fall acceleration. The fluid volumetric flow rate Q = dV/dt is the same in different cross sections of the hydrodynamic circuit and can be expressed as: 
Fig. 1. The schema of a decay flow
Obviously, a certain time is required for complete cessation of the liquid motion which depends on the effective shear viscosity  eff . In the case of an isotropic Newtonian liquid  eff is equal to the shear viscosity coefficient  and does not depend on the flow rate. It is simple to derive the next equations describing the dynamics of a decay flow of such liquid:
where the characteristic decay time  is proportional to the hydrodynamic resistance Z of the channel, defined as:
with the constant K c , dependent only on the shape and the geometrical sizes of the channel. The corresponding expressions for K c in the cases of capillaries with the rectangular (of linear dimensions d x A, d<<A) and the circular (of a radius r) cross sections can be written as:
As a result, one can get the general equation for the decay time [3] :
where ρ -the liquid's density, S = πD 2 /4 -the cross section of the open tubes, shown in Fig. 1 .
The expression (8) is also valid for a decay flow of a liquid through the sample of a porous film which is under investigation in the present work. Indeed, such sample can be considered as a number N of the identical channels with a circular cross section connected in a parallel schema. In the latter case the equivalent hydrodynamic resistance Z N is connected with the hydrodynamic resistance Z of each channel by the next trivial expression:
Z N = Z / N (9) It makes possible to obtain simple generalization of the above presented expressions. In particular, the corresponding expressions for K c N and  N can be written as:
So, experimental measurements of a decay time  N provide determination of the shear viscosity coefficient η in accordance with the expression:
The obtained expressions (1-6) were also used previously for an investigation of rheological properties of nematic liquid crystals in a plane shear flow [7] [8] [9] [10] . In particular, the three Miesowicz viscosities were determined via investigation of a decay flow of NLC through the plane channels. In this case homogeneous bulk orientation needed for different experimental geometries was realized by a proper surface treatment of the channels [7, 9] or by combined action of surfaces and strong electric fields [10] . At small values of a pressure gradient, used in experiments, the shear flow was weak enough and did not disturb the initial orientation of NLC. So, the Newton like behavior of liquid crystals with a constant value of the effective shear viscosity η eff took place. The similar Newtonian flow regime was realized in experiments with flows of LC through the porous films described in the present paper. In the latter case, the investigation of the decay flow provides measurements of the effective values of the shear viscosities, dependant on the orientational structure of LC inside pores.
Experimental
The construction of the experimental cell for a study of a decay flow is shown in Fig. 2 . In many respects it is similar to the cells previously used for a  study of linear and non-linear phenomena in liquid crystals under decay flow in flat capillaries [7] [8] [9] [10] . The main difference is the usage of the sample of a porous PET film of thickness 23 μm with a number of cylindrical pores of a constant diameter d = 2r, normally oriented relatively to the film. The parameters of the samples of porous films, used in experiments are presented in Table 1 . The porous film separates two parts of the cell which are connected with the open vertical tubes of a diameter D. Preliminary PET films were treated with a solution of chromium chloride in isopropanol to provide homeotropic anchoring of a liquid crystal with the inner surfaces of pores. After filling with a liquid it was possible to impose the decay flow through the film by creating some initial difference ΔH max in the levels of the meniscuses formed in the open tubes as it shown in Fig. 1 . The decay motion of the menisci was registered via a digital camera. The further analysis of images taken at different times made possible to get the dependences ΔH (t), which were compared with theory predictions. The temperature of the cell was stabilized with errors ±0.1 °C.
Fig. 2. The construction of the experimental cell
Results and discussion
On the first stage we studied a decay flow of ethanol which is an isotropic Newtonian liquid with well studied rheological properties. The typical time dependences ΔH (t) obtained for the films' samples with different values of the pore's diameter and the pore's density are shown in Fig. 3 .
In all cases the experimental curves follow the theoretical dependence (3). It confirms the simple theory of the method and made it possible to calculate the constants K c N , needed for determination of the effective viscosity of a nematic liquid crystal. Table 1 .
Some disagreement can be explained by taking into account possible errors in determination of pore's diameters (up to 10 %), which may result in essential errors of the K c N due to strong (r 4 ) dependence and possible overlapping of pores. Such situation is usually met at traditional measuring shear viscosities with the help of circular capillaries.
The similar dependences of ΔH (t) in the case of a decay flow of the nematic liquid crystal for two samples with different pore's diameters at two values of temperature are shown in Fig.4 .
The simple law (3) holds satisfactory for the experimental dependences. So, the Newtonian like behavior with a constant value of the effective shear viscosity η eff also takes place for NLC flow. In turn, it means that the decay flow was weak enough and did not disturb the initial orientational structure of a liquid crystal, formed inside pores by the interaction of a liquid crystal with the inner surface of the cylindrical cavities. [11] . It is interesting, that temperature dependence of the effective shear viscosity η eff. is close to the dependence η 3 (T). Such situation can take place for a planar surface orientation of a director in the plane normal to the porous axis [3] . Nevertheless, theory predicts the possibility of formation of different orientational configurations in the system under consideration [12, 13] , which are shown in Fig. 5 . The direct NMR investigations [14] of an orientational structure of a nematic inside pores of the porous polycarbonate films revealed the existence of escaped radial (ER) configuration with point defects (ERPD) and planar polar (PP) configuration dependently on the pore's diameter. Moreover, preliminary treatment of porous film by a solution of molecules providing normal surface anchoring, can induce the transition between the different configurations mentioned above. It can be used for different explanations of our experimental results. In particular, the computer simulation of ER configuration of NLC, formed inside pores [15] and marked as (d) in Fig. 5 , has shown that weak anchoring effects have to be taken into account for typical values of the anchoring strength and small pore's diameters. In particular, they are responsible for the declination of the surface polar angle θ r from the value θ r =π/2, corresponding to ideal strong anchoring. Analytic expression for θ r can be obtained at equal values of Frank's elastic modules (K 11 = K 33 = K). In this case it reads as: Sin
where the anchoring parameter σ is defined as: 
where usually the values of the parameter η 12 are essentially smaller than those of η 1 and η 2 . In turn, the angle θ monotonically decreases from the value θ = θ r on the inner surface of a pore to the value θ = 0 in the centre of the pore. So, one can wait the value of the effective viscosity η eff. to be intermediate between η(θ r ) ≈ η 1 sin 2 θ r and η(0) = η 2 . It is possible to get, in the framework of one constant approximation, the next expression for the mean value of sin 2 θ:
The calculation, made in accordance with (15) by using the values of the parameters, presented above, results in the values < sin 2 θ > equal to 0.22`and 0.17 for d = 0.6 μm and d = 0.4 μm correspondently. Inserting these values into eq. (14) and using the data of independent measurements η 1 = 0.12 Pa.s, η 2 = 0.02 Pa.s, [11] one can estimate the values of the mean viscosity at room temperature as <η> = 0.44 Pa.s, and 0.39 Pa.s for d = 0.6 μm and d = 0.4 μm correspondently. These values are close to the values of the effective shear viscosity, presented above. Nevertheless, taking into account the typical experimental errors (about 5…10 %) in determination of η eff. it is difficult to confirm a rather weak theoretical dependence of <η> on d. Moreover, the increasing of shear viscosity with decreasing of d for the porous PET films, was previously observed and assigned to the influence of strong confinement effects [17] . These experiments were made for the films without preliminary surface treatment at more intensive shear flows. So, the further investigations are needed for detailed experimental checking of the theoretical predictions.
Conclusion
The first results of rheological behaviour of the isotropic liquid (ethanol) and the nematic liquid crystal (ZhK440) under decay Poiseuille flow through the porous PET films are obtained. It was established, that the simple exponential law predicted by a theory for Newtonian liquids holds in both cases mentioned above. In the case of NLC it corresponds to the constant value of the effective shear viscosity. The temperature dependences of the latter parameter for the samples of porous films with different pore's diameters were obtained and analysed in the frame work of theoretical results, describing the orientational structure of NLC inside pores of submicron diameters.
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